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Characteristics of NACA submerged  duct  entriea and w h g  l e a d i w  
edge inlets designed far a l/b.scale flaw model of a figh”eYGq-pe 
airplane powered by a j e t  engine in t h e  fuselage a r e  presented. Duct 
total-head losoes at the simulated entrance to the -Jet  engine and 
pressure dietributions. over the duc5 enCrie.s a r e , s h m .  A cosnpesison 
of t he  m c  preseure recovery and critical %ch number of ‘the two 
intake s y s t a  is made. Elcluded 5s.a dtscussion of asthe of 
ameliorating a duct-flow 1mta;biU. ty whfch may appear with a twi- 
entrance  submerged duct agstm. 

The d p a a i c  gressursracovery results indicate that, for a 
je%>ropelled sirplme v i t h  the Jet engine in the fuselage, IWCA 
submerged  duct en.trfes afford a bet ter  method of supplying air to 
the jet engine than wing IeaCing-edge duct entries. This choice of 
the submerged entry 2s mainly due to the &-ex i n t e rmi  ducting 
of the wing lesding-edge s;gstem. The critical b k c h  number is sham 
to be highor for these NACA 8Ub~mrg6d fusela433 entries than for the 
basic wing section or the wing lcading-edge duct en%ries, t’nrough the  
high-speed range dam to.280milcaper hour (C~=0.20), f o r  s m  level 
flight. 

Airplanes ar missfles which utilize t h e  oxygen of t h e  atmosphere 
for combustion Fn their propuleive syetems requirs that the air be 
ducted w i t h  a minimum pressure lose frm the free s t r ~ ” t 0  tho 
entrance of the engine. Small losaes ID iilternal-fluw systems 
handling the large quantities of air required by. Jet engir-es cause 
serious decreasoa i n  the thrwt and aggacfable increases in the 
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fuel cansumption eo -that the a$talment of optimum perfomnance from 
a Jet-powered airplane depends, i n  great  wrt, upon ,the seloction 
and design or a ducting systam which w i l l  su-p>ly a i r  to -the Jet 
engine with maximum efficioncg. 

This report  i s .  concerned with m e  problem of obtainfng maximum 
ducting efficiency for a jet-Fro'peLled airplane by partiallg convert 
ing the  kinetic energy of t h e  entering air. t o  presnure enersy, and 
conserving t h e  reminder of the  k.inetic energy so that a minimum 
pressure loss  results at  the entrance t o  che je"~ngine.ixmq- reasor. 
I n  this investigation two ducti.ps sys tam of"dissimilar geometry were 
designed and instal led on a l / k c a l e  flow model of a typical fighter 
airplane. &e design incorporated I?M%~sul-brnerged inlets and the 
other, wing leading-edge inlets. Becanaa t he  ea& model m a  used fcw 
the two duct 3.nstallatl.one and the air quqntlty reqnlrementa through 
the range of flight a.btituhe3, were idcntical  for the two sys terns, 

. t h i s  imeat igat ion afforded an excallmt mean8 of camparing t he i r  
relative merits. 

This work wa8 done i n  the Amea 7- bg lfLi'oot wind tunno1 In 
conjunction wi th  t h e  grneral -invea tigi tion of' jet-motor air intakeo 
being conducted at  tho mrioue laboraLorIe8 of t;he MAW. ThEt design 
criteria f o r  t h e  KACA aubmerged duct8 were taken T r i m  rafsrenco 1. 

SYMBOLS 

m 

P 

P2 

PO 

airplane lift coofr'icient 

total-head loss  in boundary layer ' 

loss ir, total-head of tho duct ByEItcim from f ree  atream 
to  the entrance of the j r ~ t  angifie 

loss in total-head f r o m f r e @  stream to duct entrance 

loss -in total-head from duct entrance to entrance to 
Jet engine 

pressure coofficisnt [(p2-po)/qJ 

lo& -s ta t ic  presmre 

,fm-tream etatic prseaura - 
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VO 

%PO h"etcveloc1ty ratio 

a angle of attack referred to fueelaga reference line, 
degrees- 

P mass density of air, slugs per cubic foot 
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For the NACA submerged duct entry apylicat,ian, twin entrances, 
. symmetrical about the longitudinal axis, were located along t h e  

sides of the fuselage 2 icchcs (modof. scale) forward'of the junct ion 
of the wing leading edge and the fuselage. The air drain through 
the submerged entrance wa3 ducted diractly- aft ,  nsking one gradujl 
turn inboazd to the Jet engine when clear of the pilo~'6 enclosure. 
The wing 1.eading4dg.e duct system, also symmtrfcal about the 
longitudinal axie, first  Cucted tha air idmezd fram the wing 
leading edge ahead of the wing spar, next turned upward i n to  the 
fuselage, end then para1161 t o  the t h r u 3 t  axis with a f -1 turn 
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inboard  to  the entrance of the j e t  unit similar to a t  for the 
submerged  entry. ., W c h  w3ng leEtdlng-eQe duct made thrao asproxi- 
mately 4 5 O  turns fn t h e  horizontal  plane ant5 4x0 50' turns in ths 
vertical plEine, A comparison of t h e  internal  ducting of the.NACn 
submerged  duct entry and the wing  leading-edgo entrr I s  preaonted 
in figures 1 and 2. 

Full-scale wing and f l a p  dfmensions f o r  the  airplane are  given 
in table I, while  figure 3 presents a drawing of the  airplane on 
whlch is  Indicated the wing awn of this l/h-acals flow model. The 
model,  equipped  wlth  wing lead9q+&ge duct8 and flaps deflected 
50°, is sham mounted In the tunnel in figure 4. 

c 

I 

For bench t e s t a  t o .  determine the duct. aff iciency,  air m8 dram 
through the 1eftcheLnd ducts by a throttle-coiztrolled constantcapeed 
blower. (See .fig, 5.) k plenum chamber and duct-exit turning B&nBa 
were wed f o r  these teats to duplicate, as closely as posaible, the 
flaw conditione of the wind- tmel  tests and to elhlnate any er'fect 
of t h e  butterfly-type throttle. Quantity flow was measured by a 
standard  venturi  located  downatream of tho plenum chamber, The duct 
total-@cad losses were measured at thc, simulated entrance to the j o t  
motor by a rake consisting of 17 ehielded total-head tubes connectd 
to an integrating manmeter and four atatic-head tubes. 

r- 

For the Wind"tunne1  tegta, the inlet  air was drawn through the 
model by a centrifugal pUmy driven by a variable-speed'  electric 
motor. Tho air, af ter  p s a i n g  through t h e  ducting systens, WILB 

discharged into a plenum chamber in t h e  fuselage (fig. 6). B r a  
this chamber, the air was drawn out of t h o  model through Q duct in 
tho wing spar and enterad ti mercury seal which  ierolatd the wind- 

' .  tunnel scale sptcm from forces on the e'SGi-%iX- duc'ting  eystem. 
Quantity  flow  of  air wae measured by a s t a ~ d m d  &Ifice  placed 
downstream fram  the mercury seal, tho  discharge o& of -t;ha orifice 
lmding to the.pwnrp located  outside of - t he  . . . . wind . . . . . . . tunnel. . 

. "" 

. . . .  . 
. .  . 

- .  "" 

B e  total-heed lossee were meaaured by pressure-tube rakes, - .. 
one placed in each duct  at the simulated entrance to the jet motor. 
Both rakea were identical t o  t h e  rake used f o r  the separate t e s t s  
on the internal duct- systems and were ,connected to a single 
integrating manmeter Lo allm emlustion 6f the over-all 108se8. 
The pressure dietributions were obtained from orifice3 bui l t  into 
the model and cannected to liquid-ikglaas manometers. A l l  pressurm 
were recorded photopphfcally. I 



-. 

5 

Pr ior  t o  the tests neces&r;y for a comparison between the two 
systems, a developental invsstigatiun was made t o  devise an en”r;rance 
configuration Which gave the highest r a m  recovery  over the flight 
rango of inleLveloci ty  ra t ios  from c r u i 8 i q  t o  high speed. In 
this preliminary study th8 gedmetry of the ramp and deflectors were 
altered and a final configuration  obtained from consfderatfm of 
maximm pressure recovery, The model angle of attack was held 
conetant (a=OO> and t h e  idet+valoci tg   ra t io  varied throughout these 
t e s t s  - ,  

A t  the concluflion’of the developmental skd les ,  -tOtalrbead loerses 
at the simulated entrance t o  the jet engine were measured for both 
duct systems. mess losses were obtained  throughout the “f- 
attack range for f laps   rs t racted and flaps deflected 50° at ide-& 
velocity  ratios of 0.20 t o  3.00. 

A method wae devised relatiw ’&e airplane l i f t  coefficient 
with the flaw model angle. of attack: These relationships m e  given 
i n  flgure 7 for f laps  retracted and flaps dei‘lected 50°. From this 
figure and the relationship between inlet”ue1ocity ra t io  and. airplane 
l i f t  coefficient  given i n  figure 8, the total-head loases  Can be found 
for a l l  fl ight  cordit ions.  

In order t o  facFlitate the model t e e t i m a  relationship w a s  
derived f o r  se t t ing  l n l e t c v e l o c i t y  ra+, io  by m e a m  of the orif ice  
pressure drop. It w a s  assumed’in the derimtion that the denbity 
at the  duct  entrance was t h e  game as that 9n the Pres stream, which 
is true only at inlet-velocity ratioer of 1.00. Emever, the error 
i n  .inlst--velocity ratio was neglfgTble, mounting t o  0.2 of 1 percent 
and 2.0 percent a t  ratios ~ i q u a l . t o  0.20 and 3.00, respectively. 

For the submerged duct i n s”a t ion ;  preesure distributione 
were taken along the center l i w  of the l i p  and ramp f o r  both conatant 
angle of attack (GOO) throughout the inflow range, and f o r  matches 
conditibns of , Girphn6, model ang le  of attack,. end inlet”ve1ocity 
r a t i o  that & m a t e d  fught at sea . leve l .   ~ressure  data for *e 
w i n g  lead-dge M e t  were obtained throughout the angle-ofdttack 
range for several  tnlet-velocity r a t i o s  that could be encaunkered in 
high-speed f l igh t .  . .  
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It m e  realized that in the q@ica t fon  of the submerged duct 
criteria, the proximity of the wing.to tho duct entry and the CUT- 
t u re  of the fuselage  contour, fac tors  which c o u l d  n o t  be evaluated 
i n  t h e  general InvestigatJon, fright modify the placement and e x t e r i o r  
&ape of the  entrance fpr rmzldmum dynamic-pressure recovery  throughort 
the hnportant flight range. A previoui a$Flicati-& of a 7ai.lbmerged- 
duct  system diacloeed that, when t h e  duct  entry ww placed  adjacent 
to the w i n g ,  the flow field of th4 wing had an adverse  effect on 
the - l ippressure  dlatr ibut ion and Fnduced a flow interference along 
the ramp. For these reasom, the entry m a  placed a3 far forward 
of the wing leading edge. a8 gossible;." P~el-Mntiry " b a t s  were mde 
t o  devise  an,entrance  configuration  givir@the highest ram iwcovery 
over the   f l igh t  range of Inlet-velocfty r a t io s  from crulsiq to high 
speed. . 

.. . .. . 

Reference.1  states. that the  deflector s i z e  far ~lubmorged 
inlets is determined  primarily by the  boundaq-layer .i;hickne133. 
Therefore, meamremcnts were taken on the basic fwolage contour 
at t h e  s ta t ion  corresponding to the l i p  . o f  t h e  submerged entry. The 
boundary-layer  profile obtained, campared in f i&e 9 with. boundary- 
h y e r ' l  of reference 1, indicatd that the  deflectclr efzo required 
would be slmilar to   the  small or  normal deflectors. U8iw the 
entrance lossee of reference 1 for an enLmnco configuration and 
boudary-layer thfckness that c lose l~r  approxim,ted the conditlms 
on th i6  model, it was desired t o  estimate the  total-hoad recovery 
that could be expected for the NACA sublnerged entry by the following 
relation: . .  

9 = rlg + h& CVfF0).' 

. . _ n  

.. .. 

WE~ served as a guide to t h e  p r e l i n a r y  studim i n  which the 
geometry of the r8mp and deflectors wero altered  to  obtain the 
hlgheat rccoverie's throw the important f l igh t  range. 

Use  of the aforementioned reLationahip required tho  determina- 
t ion  of the duct  efficiency f r o m  separate  teste on the bternal-  
ducting aystom.  Bench tests conducted on t h o  l e fLhad  internal  duct 
indicated a *percent duct efficiency (fig. 10). A tule study 
disclosed no a t a l l  i n   t he  curvod section of t h e  duct, and it IS 
believed that m e ~ l  would  not improve the reco+arr. . 

A comparieon of the estimated pressure recovery aftd that obtained f 
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with the final  submerged-duct-entyy  configuration  is shown in 
figure 11. Considering  the  presence of'the  wing and the fuselage- 
surface  curvature  (factors'msntioned  previously  which  were not 
evaluated fn the  general  Investigation  of KACA submerged inlets), 
and,  In  addition,  the  probability of a alight  change'in  duct 
efficiency w i t h  inlet-velocity  ratio,  it  is khought that  the 
estimated and actual total-head recoveries are  in good eeement.  

It should be emphasized that no drag evaluation was made in . 

* tion was determined only from consideratione  of  the aynamic-g_ressure 
this or subsequent  tests,  and that the final duchntrance configura- 

recovery and critical Mach number of the lip. 

Views of the final  submerge& .duct entrance  configuratfon are 
presented in  figures =(a) and. 1-2 (b) . O-teo f o r  the phn-form 
shape of the ramp and deflectors, an& t"e l i p c o n t o u r  ordinates are 
presented in f i v e  13. 

Sepsrate tes ts  k-ere made on the win@; leawdge internal 
ducting  to  deteMnine  its  efficiency.  Several  tests  were made to 
obtain  the  best pressure recovery  with verious @&.+we configurac 
tions. &e ducting  eff  iciencg 'obtained, 64- percer_t (fig. lo), 
indkates that'the  several  bends,  even w i t h  guide vanes, occasfon 
considerable lossee. -The internal-structure m-amgement of +&e 
wirig, and fuselage largely Ce'termines the cnmplexity of the ductfrg 
system f o r  wing  leading-edge  inlets.  The usual rerrult 'me been 
low internal-ductihg  efficiencfes. = ' t h e s e  internal4uctiw 
efficiencios could.be improved, major increases in the-presmre 
recovery at the  entrance  to  the  jet-engine  compressor wazld  
result. Hmevor, f o r  the type of aircraft  considered, with the 

e j e t  engine in the fuselage and usfr .  wing leading-edge inlets, 
no significant @;aIns have.been found. With  the  tender-cy toward 
thinner  wings on high-peed aircraft, and with the increased air 
requirements of t h e  new high-thrust  Jet  notors, it is  probable 
that using wing  inlets on this  type aiqlane will  become m e  
difficult. 

'Canparison of the  @take ' SystemEi 

Qmamic-preseuke losses.- Upon completion of prellmhary teste 
and  selection of t he  euherged-ducLentrance and wing leading-edge- 
inlet configurations,  the  duct total-hmd losses were determined. *. :*"" 
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' hb l e s  II and Ln: preaent -&e presaure loeses  aa a ratio of freo- 
stream dynemic preseure f o r  .flaps retracted and f h p a ,  deflect& ~ o O ,  
reepectively,  The total-head losses as- a functlch of., airplane lift 
coefficient throughout ,the f l i&t  range, flaps  retractjed and flaps 
deflected ~ O O ,  were obtained frq these data by cross-plotting f o r  

'proper  V a l U 0 8  of angle,& attack  and. inlebvelocity r a t i o .  

%e total&& losses, flaps retracted, for XACA submerged and 
wing 1eading"edge duct systems are &nn-pred in  figure 15 f o r  Be- 
level and  30,00CkfOot operating conditions. . O p  the atme f i w e  is. 
presented the comparison far f h p a  deflected .5oo .at  lea level. 
Examination of figure.16, which compares the dynamio-pressure 
recoveries for the two sys tem throu&out the speed range,' shows a 
greater pressure recvpery far the mACA submerged  duct  entries for 
flight conditiom, Of par t icdar  intersst i 8  the hlgbpressure 
recovery over a wide range of flight spceda that  is.obtainable w i t h  
the MACA submerged duct entrieo on t h i s  installatian. 

Pressure di8tribUtiOn.- Table IV lists  in tabular form tee 
pressure distribution in temm of preomre coefficianta over t he  lip 
of the NACA submerged  duct entry for constan3 angle  of at.%ack (-0') 
through  the inflcrw mqp, a_?d f o r  matched  flight  conditions  at sea 
level. Figure8,.17(a) and l7 (b)  present the preabure &Lstrlbution 
along the bottom of .the ramp !?or t h 9 a e  same conditions. . Because tho 
ramp wae 1ength.ened: while' @e model was In th6 tunnel, preseure tub08 
are lacking over the f $ r s t  3 .inches. .-This 3s unfortunate, 8-0 tho 
pressures are s.@U. ri5iqg.k thia secti?. HoweTer, th6se pressuros 
over the front  portion of the rein$. . (fig. 17) are unduly high  and not 
representative, since, f o r  the subnergsd-duct  Inetiilation, t h o  
velocity  ratio of .the air entering t h e  cowl m e  4oro, thereby causing 
high pressure -peaks over the forward 'portion of the cowling. A 
streamline nose shape would provide a m o m  favorable,preasure 
gradient on th ie  front portfon o f  the mmp. 

L 

.- 
- 

Pressure 'distribution f o r  the . .wing leading-edge inlot is tabulated 
in tables v t o  XI f o r  *e Ging-fuselage j unc ture  with t h e  plain and 
ducted wing section  and the outboard c l o a i x  shape -(wl~lg station 18, 
fig. 14.) For all practical purgoses, the presmrs distribution 
at the wing-fuselage Junctura and outboard closfng shake was found 
to be independent of inlet-velocity ra t io .  

B e  critical Mach numbers were determined f r p  $he p m k  negative 
pressure coefficients of tbs two a y a t e m . b y  the ~ n - T s i e n  method 
outlined'in  reference 2. The ckitidl Mach numbers f o r  matched 
conditions  at se& level far EAC!.A eubmerged and wing leadingdue 
ideta a r e  ahm in figure 18. Iwluded ie a comparison of the  . , 

P 
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c r i t i c a l  Mach  number of the two inlets ,  whlch shaws the NACA submerged 
duct entry t o  be higher through t h o  range of high speed d m  to 280 
miles per hour (C~=0.20) Tor e d e v e l  f l fght .  In  the high-speed 
a t t i tude  the c m p a t i v e  value8 w e  0.75 for the WLCA submerged inlet 
and 0.67 f o r  the wing leading-edge Frllet. Al tho~@ sufficient data 
a r e  not  available f o r . &  dfrect  conrparisor- at altitude,  the u8s of 
NACA submerged ducts for this imtallatfck should  prove-more admi- 
tageous through a cmparahle spsed range. I n  cnmpasing the two type 
inlets at E r n e  other altitude for  a given  flight  condition,  the change 
i n  the c r i t i c a l  Mach number characteristic3 from tfioee s h m  011 figure 
18 would be due, prFmarilg, ‘ t o  change i n  angle of attack. The wiq 
l ead ingsdge  i n l e t  is more sensitive in this respect, so that the 

’ difference between the two entries as shown on figure 18 s h a d  be 
accentuated. Tbe effect of tm. Chane;~ In inlet-velocity r a t i o  ‘Kith 
a l t i tude  for a given flight c&dit ian  ia  of secondary importance. 
Presoure distributions were no% measured ovsr the deflectors. I n  
th i s   se r ies  of tests the deflectors were dmeloped solely from the 
standpoint of increaded  premure  recovery at the entmnce of the inlet, 
The e-xisting de~lector~conf€gura;uratlon ahodd not be consicbred a8 f inal ,  
and it is probable that more gradual c m t o u r s  could be utilized f o r  
more favorable air  flow along th4 fmolsge. 

It should be emphasized that t h e  c r i t i c a l  Mach nmber of the 
submerged. duct entry is t o  a hmge extent rlependent.upon the .typo 
of pressure f ield i n  which the duct i8 placed. A location  neezer 
the w i n g  will gi+e acmewhat lower c r f t i c a l  Mch numbers. 

Flow ins tab i l i ty   In  a ixir. WACA submerged duct sptc3m.- Under 
certain flow conditio-m.at law inlet-velocfty ratios, an unstable 
condition of the entering air may be encomtered w i t h  a M n  EiAW 
submerged duct system. This Fnetabllity i s  common t o  ducting 
systems consiting of two entrancc channels w X c h  discharge into a 
common reservoir, provided that, wikh incr&sFng in le%vslFi ty   ra t io ,  
the to ta l4ead  losses first decrease and then increase. mi6 c a d %  
tion can exiat, as in thie  -88, where the entering-flow is corstrained 
on one or m o r e  sides BO that  sone boundary-layer air is taken in. 

Whether the i n s ~ b i l i t y  would  ‘occur in the  actual   instal la t ion 
depends upon the mechanical design .of the   je t  motor. If the air 
empties into a common chamber before  entering the je”motor 
compressor, the instability could occur,’ 

A t  prosent the inlet.-velocity r a t i o  a t  the s t a r t  of instabfli+y 
cannot be predfcted, but it has been observed that instability never 
occms at  ratios above that at maxim recovsry. In o r b r  t o  prevent 
ins tab i l i ty  the entrance ducts should b2 designed.for a hi+speed 
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_ '  fnlet-velocity ratio  that all-ms a mrgin of 0.2 to 0.3 above that 
'! at ine-tability. nia wou1d'Derml-t the Jet 'motor to be throttled  consider- ' 

ably md.st i l l  operate in the shble range.. However, if this does not 
allow f o r  sufficient  throttling, thee mechanical devices could be used 
which  either  maintain  inlet-velecity r a t i o s  above that at 
instability when the engine w a ~  throttled, or would decrease the ram 
recovery so that  the maximum recovery would occur at inle';velocity 
ratioe below those at which t h e  airplane was momentarily  operating. 

The bottam of the rmrp could be hinged. at t h e  forward. end 80 that b 

.. . 

the Inlet area could be reduced or corqletelg closed off by a trap- 
door armngement. This would rrot only eliminate t h e  instability  but 
also enable a jet-boosted  aircraf%,  cruising  with  the  jet motor I 

inoperative, to elimindx the high drag due to air bleeding iihrough 
the J e t  motor. For m e  in a coinpletoly jet-propelled airplane, a 
butterfly  valve  in one of the entrance channels could be automtfcally 
moved in conjunctiov-  with '&e throttle, 80 that when  the speed of the 
Jet motor wa8 reduced below a cer tain value, the valve would be 
actuated  enough to eliminate the Instability. Another poeeible means 
o f  ameliorating this condition is the movision of a hatch in t he  
duct iq  system, forward of the compreseor, which could be opened when 
the Jet motor is throttled  back to allow a i r  t o  b1ad to 'the free 
stream.  This would pemnit continued operation in the  noncritical 
inlet-velocity-ratio rmge, and control  could be =de eimilar to tne 
aforomentioned butterflr valve. This last me+2-od of bleeding air  
through the  duct ami  the first method using the flexiblg ramg would 
also eliminate the lm critical ,$Tach nunibera that result from high 
negative 'pressures over the outeide -of t h e  lip a t  low inlet-velocity 
mtioe .  A fur ther  advkntage of any of these mechanical dovices is 
that they also wciuld facilitate atarting the jetcengine in high-apeod 
flight by lawering the air  volocity  through  the  combustion &ember 
to that necesmry f o r  fLame prowtion. 

.. 

.I 

In the consideration or. selection of instability"o1iminating 
devices  such 88 $hose described, it ie 01' prlne importance that tho  
device should.cause no decrease in r a m  whon  not in we. When the  
device is f n  m e ,  however, ary loss in r a n  rasulting frCm it8 o p 6 m  
t i o n  will be of minor importance,  since the unstable regime usually 
occum wlth tho airplane at high speed arid ;tho jet motor throttled. 

If the ducting could be so dee3gned .that a single NACA submerged 
entrance would lead to a single j e t  engine, this inetability would 
not occur. For a jot installatfon on a auspt-back wing,,whero the 
use of nacelles fo r  t h e  Jet. gnginesincurs a pr.emature drag rise 
(reference 3), this principle mi&t be applied advantageouely by 
locatiw. the j e t  engines in the fuselage. 



Frcan th i s  experimgntal investigation 
instal la t ion and the comparison with xirg 
concluded that  : . .  

of an JVACA submerged duct 
1eadirg"edge inlets it is 

1. For a completely Jet-propelled a i rc raf t  d i th  xhe ,Jet engim 
in the fuselage, JAGA submerged entriea marit serious coAnsfdemtim 
as a mane of supnlgng  air  t o  the Jet enghe. For thie Snetalla, 
tion, NACA submerged duct ectries gave higher  pressure  recoveries 
at the  entrance t o  the Jet engine tha9 w i n g  l e a & i m d g e . i n l s t a  
throughout the f l i g h t  epeed range. 

2. ?he c r i t i c a l  Mach number (0.75) of '&is XACA submerged duct 
i s  greater than that of tho baaic wing sections wed on presentrdEty 
fighters. 

4. A flow i n s t ab i l i t y   i n  the ducting system, which would not 
occur with wing leadlng-edge duct e n ~ i e s ,  could e x i s t  at la: inlet+ 
velocity ratlos  with twin NAM mhmerged air inlets.  By propor 
selection of the h impeed   In l ebm?loc i tT   r a t io ,  this condition 
could  be  precluded from ordinary  flight.  For hi&-sgee&fllght - 

at t i tudes with the Jet  engine throttled, mechenical methods of 
alleviating the instabill-ty should be employed. 

Ames Aeronautical  Laboratory, 
National Advtsory Camit.kee for Aeronautics, 

Moffett  Field, Galff. 
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NACA .W No. A7A31 Fig. 1 

Figure 1.- Comparison of the NACA submerged  duct system and  the 
wing leading-edge duct system as applied to the fighter airplane. - 



NACA FLM NO. A7A31 Fig. 2 

Figure 2.- Comparison of the internal-ducting systems for the NACA 
submerged  duct entry and wing leading-edge duct entry for the 
1 - scale flow model of the fighter airplane. " 



I I 

." .. . - . . . . . . . . . . . . . .  . - . . . . . . . .  J 

4 Rgure 3.- General arrangement of the  fighter airplane equipped with 
NACA submerged duct entries. - 

. .  



NACA RM No. A7A31 
L 

Fig. 4 

C .  

Figure 4.- The --scale flow model of the fighter airplane, equipped 

with wing leading-edge duct entries and the flaps deflected 500, 
installed in the  Ames 7- by 10-foot wind tunnel No. 1. . 

' 1  
4 



. . .. . . . . . . . 

figure 5.- Schematic view of the te 
the internal ducting systems for 
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Figure 6.- Internal flow diagram of the i- scale flow model. 



NACA RM No. A7A31 Fig. 7 

Figure 7.- Variation of airplane lift coefficient with the 
model  angle of attack for the fighter airplane. Gross 
weight = 16,4000. 

--scale 1 
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Figure 8.- Variation of airplane lift coefficient with inlet-velocity ratio 
for 100-percent total-head recovery. Gross weight = 16,400 Ib. 
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NACA R M  No. A7A31 Fig. 9 
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FIGHTER AIRPLANE 
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Figure 9.- Comparison of boundary 1 of reference 1 with the boundary 
layer at entrance to the NACA submerged duct entry for the 

*a 

z- scale now model of the fighter airplane. 
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pressure for the hternal ducting systems of the r- scale flow 
model of the fighter airplane. 
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Mgure 11.- Comparison of experimental and estimated dynamic 
pressure  recovery for NACA submerged duct entries on a 
1 T - scale flow model of a fighter airplane. 
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NACA RM No. A7A31 Flg. 12 

(a) Side  view of duct showing station markings on fuselage. 

? 

. . 

(b) Close-up of duct showing station markings on fuselage. - 
Figure 12.- Views of the f i n a l  configuration of the NACA submerged 

duct entry for the -- scale flow model of the fighter airplane. 1 
4 
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Figure 15.- Comparison of the  duct system losses at the simulated 
1 compressor entrance for the p-scale flow model of the fighter 

airplane. 
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Figure 16.- Comparison of dynamic pressure  recovery for the wing 

duct entry and NACA submerged duct entry for the f i g h t m  airplane. 
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NACA RM No. A7A31 Fig. 17 
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TABLE I.- FULGSCALX GEOMETRIC WING AND FLAPS 
CHARACTERISTICS FOR THE FIGHTER AIRPLANE 

wing 
Area, aq f t  . . . . . . . . . . . . . . . . .  400.25 
Span rt . . . . . . . . . . . . . . . . . .  48.00 
M.A.&., in. . . . . . . . . . . . . . . . . .  104.6 
Root chord, In. . . . . . . . . . . . . . . . .  140 
Root section . . . . . . . . . . . .  k 6 k i 5 L i L ~ o  
Tip s e c t i o n  . . . . . . . . . . . .  65(112)-213-1.0 
Geometric twiit, deg . . . . . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . . . . . . . .  33 
Inoidence at root ahord, dog . . . . . . . . .  
Dihedral of chord plane, deg . . . . . . . . .  
T o t a l  area ,  sq ft . . . . . . . . . . . . . . .  
Over-all epan, ft . . . . . . . . . . . . . . .  I!;; 
Chord . . . . . . . . . . . . .  23 percent wlng chord 
Trave1,deg . . . . . . . . . . . . . . . .  * O t o 5 0  
Wing area affected, sq ft . . . . . . . . . .  221.6 
Type . . . . . . . . . . .  Extensible-slotted, with 

fixed vane on  leading 
edge and operating on 

f ixea traak8 

Tip chord, in .  . . . . . . . . . . .  60 

Aspect r a t i o  . . . . . . . . . . . . . . . . .  .7 2t 

Flaps 

- NATIONAL ADVISORY 
COMMITTEE FOR AERONAUT108 
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TABLE mI.- PwIIN-NN5 PHEBSURE DISTRIBUTION AT  STATION 13.50, 
l/LSCALE FLOW MODEL OF THE FIQHTER =-LANE 
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TABLE XI. - DUCT OUTBOARLCLOSINCLSHA~E PRESSURE DISTRIBUTION, 
l/bSCALE. FLOW MODEL OF A FIGHTER AIRPLANE 
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